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Cytological Stadies in the Genus Potamogeton of _Japan 

Harushige TAKUSAGAWA 

(Laboratory of Biology) 

Introduction 

From the view point of phylogeny, the genus Potamogeton has been studies by Raunkier 

(1896) , Bennett (1896, 19Q4, 1905, 1907) , Camus (1909) . Chryster (1907) , Fernald (1~32) , 

Hagstr6m (1916) , and Miki (1934, 1937) 

According to Engler and Gjilg (1924) . the genus Potamogeton comprises 120 species in . the 

world. In Japan 28 species have been found. 

The cytological investigation of this genus has been made by only a few authors. Wiegand 

(1899) was the first to giv.~ some accounts 'of the chromosome number in some species This 

investigation was followed by those of Wisniewska (1931) , Kuleszanka (1934) , Palmgren (1939) , 

Takusagawa (1939) , Harada (1942) , Takusagawa (1950) , and Harada (1956) the results obtained 

by these author has shown that a Polyplcnd Condrtron exlsts m this genus But most of th 

investigations were worked on the chyornosocne nutnber of root-tip cells, and took no account 

of the behavior of the chromosome in the reduction division, karyotype, classification based 

upon karyotype. 

In 'the present paper the results obtained from the observation of the behavior of chromosome 

in the reduction division ~ in P. M. Cs. in "26 species and hybrid OE the potamogeton as wel] 

as in some species which zire taxonomically regarded as hybrids, are more fully given than 

in the previous papers. Moreover the discussion about the chromosome number, which not 

only as to the phylogenetical relationship among these species or hybrids, but also with regard to 

its karyotype, viewed from both the morphological and the biological standpoints is attemped 

It is my pleasant duty to record here. a debt of gratitude to prof. N. Shimotomai of the 

Botanical Institute. Hiroshima University for his valuable suggestions and criticism throughout 

the work. My thanks are also due to prof. S. Miki of the Osaka City University who kindly 

placed the matterials at my disposal. 

Material and Methods 

The following species and interspecific hybrid are dealt with in this work 

Potamogeton oxyphyllus. P. panormitarlus, P. pusillus, P. orientalis, P. monoginus, P. Fauriei 

P. cristatus, P. vaseyi, P. kamogawaensis, P. numasakianus, P. apertus, P. Friyeri, P. malainoides, 

P. malaianus, P. 'dentatus, P. nipponicus, P. perfoliatus. P. crispus, P. praelongus, P. maackianus, 

P. biwaensis P. distinctus, P. natans, P, anguillanus, P. alpinus and P pectiriatus 

The materials used for microscopical investigations' were taken from the plant's, collected in 
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Koch prefecture, and from Shiga Prefecture and other several prefectures in Japan, and also 

from the plants cultivated for several yetar~ by Dr. S. Miki, in the experimental garden of the 

Boanical Institute of Kyoto University 

Observations were made with root-tip cells for the somatic number of chromosomes and with 

pollen mother cells for the reduction division. Root-tips were fixed in Flemming's strong solution 

or its Bonn Modification and Nawaschins fixative ( I o/o chromic acid 10 parts; g]acialacetic acid 

1 part; 400/0 formalin 4 parts I ) . And Newton's gentian violet method was used for staining 

Also root-tips wer~: fixed in 0.002 mol. solution of ~oxyquinoline, and the aceto-orcein smear 

method was used for staining. The pollen mother cells were fixed with Bouin's Fluid, Allen-

Bouin, and Fleming's strong solution or its Bonn Modification. For pollen , mother cells, the 

best results were obtained by using Bouin' -solution (4.00/0 formalin 25 parts; saturated liquid of 

picric acid 75 parts; glacial acetic acid 5 parts) after a few minutes treatment in Carnoy's 

fluid (absolute alcohol 6 parts; chloroform 3 parts; glacial acetic acid I part) . By the paraffin 

method all permanent preparations were made from the fixed material. Sections were cut 12 15/l 

thick, and stained with Heiden-hain's iron-alum haematoxylin. Newton's gentian violet method 

was used. The aceto-carmine smear method and permanent smear. method were also us~ed 

All figures of chromosomes were drown with the aid of Abbe's camera lucida, and Zerss 1/12 

objective and Huyghens ocu]ar 15X and 20X were used. These figures are magnified about 2.000 

diameters 

Observation 

I Orthoploids 

A. Tetraploids 

I. Potamogeton cristatus Regel. et Macck. 2n =28 

The somatic number of chromosomes is 28 in root-tip cells (Fig. Ia) . These somatic chromos-

omes are s]ender. Of the 28 chromosomes 14 chro-mosomes are longer than the remaining 14, 

and 10 chromosomes of the 14 Iong chromosomes are slightly louger than the remainig 4, and 

8 chromosomes of the 14 short chromosomes are shorter than the remajning 6. The karyotype 
of this species is as follows: 

K(2n) =28= lOLI + 4L,2 +6S1 +8S2 (Fig. Ic) 

(L chromosome is longer than S chromosome: L,1 Ionger than L,2 ; S2 shorter than S1) 

At the first maturation division of this species, 14 bivalents are observed. Amon'_" them are 7 

bivalents larger than the remainieg 7, and 5 bivalents of the 7 Iarge bivalent chromosomes 

slightly larger than the remaining 2, and 4 bivalents of the 7 smal] bivalent chromosomes 
slightly smaller than the remaining 3 (Fig. Ib) 

The association of two components is nearly close. In the side view they show a dumb-bell-

shape. At an earlier stage of th~ metaphase of first division all the biva]ents make a normal 

equatorial plate 

In the next stage bivalents have completed their division and move apart on their way to the 

Pole. At the anaphase all the divided halves of bivalents move to different Poles. The first 

division is, therefore, reduction division. At the metaphase of the second division many figures 

show very regular plates 

In the succeedig stage a great number of chromosomes, forming the second division plate 
divide longitudinaly and pass to opposite poles. 

1 . Formalin was added immediately before use 
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Most of the young microspores are normal in shape an d .size. 

. ¥= .~J, / o t'a// o o o 2 potamogeton vaseyi Robbins. 2n=28 
/'i--/;/_1/1_.f~~~¥ ' ' o . e The somatic number of chromosomes is 28 in root-tip 

_ e o. oeo a b ~ e cells, same number has been reported by Harada (1942) 

14 chromosomes of the 28 are longer than the others and 

l ~ ~ i I I s r s s , , t ' 4 chromosomes of the 14 Iong chromosomes are slightly 

l I a I I I 1 Ionger than the remaining lO, and 6 chromosomes of the 
, 1 8 , a a c 14 short chromosomes are shorter than the remaining 8 

(Fig. 2a) C
 

Then the karyotype of this species is as follows 
Fig. I Potamogeton cristatus Rege] 

' K(2n) =28=4L,1 + lOL2+8Sl +6S2 (Fig. 2C) et Maack 
In P. M. Cs. 14 bivalents chromosomes are counted at 

a. Somatic nuclear plate swowing 
diakinesis and metaphase l. Among them ~/ bivalent 28 chromosomes. 
chromosomes of the 14 are larger than the remaining 7 b. Heterotype metaphase in polar 

and 2 bivalent chromosomes of the 7 Iarge bivalent view showing 14 ,, bivalent 

chromosomes. chromosonTes slightly larger than the remaining 5, and 3 

c. Somatic chromosomes. (ca. x bivalent chromosome of the 7 small chromosomes slightly 
2000) 

smaller than the remaining 4 (Fig. 2b) 

All bivalent divide almost simultaneously in the anaphase and the divided halves mov. e to 

opposite poles in a regular manner. Two daughter nuclei enter the interkinesis condition 

At the metaphase 11 all the chromosomes are regularly arranged on the equatorial plane in 

the metaphase, and at the anaphase each of the longitudinal halves of chromosome passes to 

the spindle poles. 

The members of the pollen grains are uniform in shape and size 

P. Iimosellifolius Max., and P. asiaticus Benn. are the same species with P. vaseyi Robbins. 

¥ /: o e 3. Potamogeton monoginus Miki. 2n=28 _ -~g~ 
t_Z/1~;¥1~_:{･e~~"~/a o G o The somatic number of the chromosome is 28, 

oeo ooeo 
oo 

a b the same chromosome number as in the former 
species (Fig. 3a) . The same number has been 

F I reported by Harada (1942) . Among the 28 chr S I 9g 8 ,,88t'g 
I B SB S 818'G8' l g omosomes 14 are longer than the others, of which 

c 6 chromosomes are shorter than the remaining 8 
The karyotype of this species is, therefore, denoted 

Fig. 2. Potamogeton vaseyi Robbins. as follows: 

a. Somatic nuclear plate showing 28 K (2n) =28=14L,1+8S1+6S2 (Fig.3C) 
chromosomes 

b. Heterotype metaphase in polar view In P. M. Cs.. 14 bivalent chromosomes are cou-

showing 14 bivalent chromosomes. nted at he diakinesis and metaphase I and 14 univt 
c. Somatic chromosomes. (ca. x 2000) alents at the metaphase II. Among them 7 bivalents 

are larger than the remaining 7, and 3 bivalents 

of the 7 small bivalents chromosomes are slightly smaller than the remaiuing 4 bivalents chro-

mosomes. (Fig. 3b) 

All tb.e chromosomes are round in shape. Jn the side view they show a dumb-bell-shape. 
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The division figures are, practically speaking, all regu]ar both in -.nhe ' beterotype and the 

homotype division. 

The pollen grains are mostly normal in appearance 

P. sibiricus Benn. is the same species as P. monoginus Miki. P. zosteriforium Sehum, and P 

porsildiorum Fernald are near]y the same species as P. monoginus Miki 

v 4. Potamogeton numasakianus 2n =28 ),~t'p~l; ' o o 
¥ ~/~¥~//~b F o,e o This species has taxonomica]ly been consi-

ooeo ~P /¥~/ [/f . . o - ' dered by Miki to be a hybnd between P 
o 

a b cristatus and P. vaseyi. This hybrid is inter-
mediate in size and characteristics between 

~ g I I I I I 1 8 1 t ' ' f
 

I I 1 1 1 1 g I ! g I t s l
 

C
 

Fig' 3 . potamogeton monoginous Miki 

a' Som~Ltic nuclear plate showing 28 chromos-

omes' 

b' ~Heterotype metaphase in polar view shOW-i-

ng 14 pivalent ci hromosomes. 

c' Somatic _chromosomes. (ca' x 2000) 

shorter than the remaining 8. The karyotype of this 

K (2n) = 4L,1 7h 10L,2 + 8Si + 6S2 

At the first maturation division of this s,pecies 
(Fig. 4b) . 
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4 . Potamogeton numasakianus Benn 
Somatic nuclear' plate shOWing 28 chromosomes 
Heterotype m~taphase in polar view showing 14 .bivalent 

chromosom es 
Metaphase of the second diviSion 

Somatic chromosomes. (ca. x 2000) 

those of P. cristatus and P. vaseyi. In this 

hybrid 14 chromosomes from P. ,cristatus and 

14 chromosomes from P. vascyi are ' contributed 

so that 28 chromosomes would be expected as 

a somatic number. This was actu~lly confirmed 

ih root tip ce]Is (Fig. 4 a) ._ These samatic 

chrom_osomes are slender, 14 chromosomes of 

the, 28 slightly longer than the remaining 14, 

and, 4 chro.mosomes of 14 Iong chromosomes 

are slightly longer than the re,maining 10, and 

6 chyomosomes of 14 short chrpmosomes are 

's species is as follows : 

(Fig. 4 d) 

14 bivalents are observed most frequently 

Among them 7 bivalents 
are smaller than the remaini-

ng 7, and 2 bivalents of the 

7 Iarge bivalents are larger 

than the remaining 5, and 3 

bivalents of the 7 small biva-

C Ients are smal]er than the 
remaining 4. 

The association of two co-

mponents of bivalents is ne-

arly as mtlmate as in the 

parents. Then the genomes of 

both parents seems to be nealy 

the same. In the -side view 

they show dumb-bell shape. 

At earlyer stage of the me-

taphese I all, bivalents make 
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a normal equatorial plate. In the next stage bivalents have completed their division and are 

moving apart on their way to the poles 

At the ~L~rapha.',e all divid.ed h~lveS of bivalents move' ~to different ,Poles 

At the metaphase 11 many figures show' very_ regular plates, two tnetaphase plates of ･daughter 

cells shown in Fig. 4c. In the succeeding stage a great number of chromosomes forming the 

second division plate, divide longitudinally and pass to opposite poles 

Most of the young microspores are 'nom:al in. .shape and size, but occasionally they show 

abnormal appearance. Giant and･ small microspores sometimes result 

~. Hexaploids 

l. Potamogeton apertus Miki. 2_n=42 

In this species 42 chromosomes are foun~ in the roo,t-tip cells, (Fig. 5a) and the 'same nutnber 

has been reported by Harada (1942) . 

Among theln ,28 chrornosomes are longer than the other, and 14 chromosomes of the 28 Iong 

chromoscuTres are slightly longer than the remaining 14 

The karyotype of this species is as follows 

K(2n) =42= 14L,1 + 14Sl + 14S2 (Fig. 5c) 

The chromosome behavior in the P. M. Cs. is on the whole regular in this species. The 

number of chrornosome pairs is found in most cases to be 21 at the diakinesis and the 

metaphase in the heterotype as well as the homotype divisions (Fig. 5 b)= 7 biivalents of the 21 

are s]ightly larger than the remaining 14, and 7 bivalents of the 14 small bivalents are s]ightly 

sma]ler than the remaining 7 

But this difference in size is not so distinct. In some cases of I or 2 biva[ents the component 

chromosomes are very looseJy associated. 

In the second division the metaphase plates are very regular. disposed at The two plates are 

right angles or parallel to each other 

Fig. 
5
.
 

a. 

b. 
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potamogeton apertus Miki 

Somatic nuclear plate showing 42 chromosomes 

Heterotype metaphase in polar view shOWing 21 bivalent chromosomes 

Somatic chromosomes. (ca' x 2000) 
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2. Potamogeton Friyeri Benn. 2n =42 

The somatic chromosome number is 42 in this species (Fig. 6 a) , 28 chromosomes of the 42 

are longer than the remaining 14, and 14 chromosomes of the 28 Iong chromosomes are slightly 

longer than the remaining 14 

Then the karyotype of this species is as fo]lows 

K (2n) =42= 14L1 + 14Sl + 14S2 (Fig. 6c) 

At the metaphase I there are found 21 bivalent chromoSOmes; 7 bivalents of the 21 are slightly 

larger than the lemaining 14, and 7 bivalents of the 14 small bivalents are slightly smaller than 

the remaining 7, but this difference in siz;e is not so distinct (Fig. 6 b) 

All the bivalents divide almost simultaneously at the anaphase, and the divided halves move 

to opposite poles in a regular manner. Two daughter nuclei enter the interkinesis condition 

In the second division all the chromosomes are regu]arly arranged on the equatorial plane in 

the" metaphase, arid in the anaphase each of the longitudinal halves of chromosomes passes to 

the spindle poles. 

The number of the pollen tetrad, and pollen grains are uniform in shape and size. The 

maturation divisions are quite regular, and no significant irregularities have been found 

a 

eo e o oo 
oe eeOe ~8 ee O 
Ooo 
b
 

Fig. 6. 

a. 

b. 

c. 

lS g g 8 S gglS81 1 e 8tgtc:8 
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C 
Potamogeton Friyeri Benn 

Somatic nuclear plate showing 42 chromosomes 

Heterotype metaphase in polar view showing 21 bivalent chromosomes 
Somatic chromosomes. (ca. x 2000) 

II Heteroploids. 

A. Hypotetraploids 

1. Potamogeton Kamogawaensis Miki. 2n=27 

According to Miki, this species has taxonomica]ly been considered to be a hybrid between P. 

oxyphyllus and P. Miduhikimo. This species is intermediate in size and characteristics between P 

oxyphyllus Miq. and P. Miduhikino; it differs, however, from P. Miduhikimo Makino in the single 

floating leaf and the large turion, and from P. oxyphyllus Miq. in the absence of the hypodermal 

layer, the shape of the turion and the existence of floating leaves in the inflorrescence 

In this hybrid 14 chromosomes from P. Miduhikimo and 13 from P. oxyphyllus are contributed 
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so　that27chro卯osomes　wou1d　be　expected　as　a　somat1c　number　Th1s　was　actuaHy　conf1r㎜ed

in　root－tip　ce11s　（Fig．7a）．

　　These　somat1c　ch1omosomes　are　sjender　and．of　sma1l　s1ze，13chromosomes　of　the27are

longer　than　the　remam1ng14，and5chromosomes　of　the13工ong　chromosomes　are　s11ght1y

1onger　than　the　rema1n1ng8，and．8chromosomes　of　the14short　chromosomes　are　shorter　than

the　rema1n1ng6

　　Then　the　karyotype　of　th1s　spec1es1s　as　fo11ows

　　　　　　　　　　　　　　　K（2n）＝27＝5L1＋8L2＋6S工十8S2　（Fig．7q）

　　At　the　f1rst　maturat1on　d1v1s1on　of　thls　hybr1d．O＿13b1va1ents　chromosomes　aIe　observed

Umva1ents　chromosomes　vary　from1to27，d．epend．mg　on　tbe　number　of　b1vaIents　The　freqnency

of　the　number③f　b1Yalents　and．umva1ents　found　m100d．md．mg　Po11en　mother　ce1ls1s　g1ven1n

Tab1e1．

Table1． Frequency　of　the　number　of　b1va1ent　and　un1va1ent　found　m

P　Kamogawaens1s1s　the　comt　made　at　the　metaphase

Number　of　umva1ent

／35791113／5／7／921232527
OCCurrenCe　Of
biva1ent

6

6

5

6

ω

qΦ
婁

3
ち

5ρ…≡
1

箏

q
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9
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1

12
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OCCurrenCe　Of

uni▽a1ent

5．

9

R

6
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6

9
13
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　The　assoc1atlon　of　two　component　of　b1va1ents1s

chromosome　appear　to　be　〕omed　to　a　p01nt　of

　alWayS1OOSe
another　　but　it

with　each　other．

m－ay　not　be　noted

Then　the
aS　a　true
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Potamogeton Kamogawaensis Miki. 

Somatic nuclear plate showing 27 chromosomes 

Side view of heterotype metaphase. Bivalent and univalent (shown solid black) 

chromosome arranged themselves at the equator 

Side view of heterotype metaphase. 3 monad chromosomes scattered m the cytoplasm 

Heterotype anaphase showing lagging chromosome (shown solid black) 

f. g. Heterotype anaphase showing lagging univalent chromosomes (solid black) 

in the equatorial region. 

i. Heterotype terophase showing nuclei of various size and shapes 

Homotype metaphase in side view -3 monad chromosomes' (shown solid black) are found 
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　　　scattered1n　the　cytop1asm

k．Homotype　anaphase　showmg3monad　chro㎜osomes1aggmg　behmd　m　the　equatona1

　　　regiOn．

1．　Homotype　terophase　showing　Po－ynuc1eate　sister　ce11s」

加．Hom．otype　teユophase　sho“ing　a　dwarf　nuc1eus6nd　a1ξiant　e1ohgated　nuc16｛s　are　see“

　　　　in　each　sister　ce11s．

n．　o．Irregu1ar　po11en　tetrads’’如ith　o’without　dowarf　nuc1ei．

P．　Irreg｛1ar　po1len　tetrads．

q．Somat1c　chromosomes　（ca×2000）

conjugatioIユ．At一’earヱie士stages　of　the　metaphas6of　the　first　diサ三sioi　au　biv主1ents，

　　1f　presnt，make　a　norma1equator1a1p1ate　Un1va1ents　howeYer，are　more　or1ess　scattered－

throughout　the　ce11Before　bwa1ents　d－w1d．e，a11the　unwa1ents　m．ove　to　the　equator　and　arrange

themseIves　around　bi▽a1ents（Fig．7b）．

　　In　a　few　cases　some　univalen亡s　are　sti11’found　aポsome　distance　fro皿that　p1ate（Fig．7c）．

Th1s　behav1or　espec1aエエy　resemb1es　that　of　the　Camna　roses　reported　by　Tackho1m（1922）　In

the　next　stage　b1va1ents　haye　co皿p1eted．the1r　d．1▽1s1on　and．are　m0Y1ng　apart　on　theユr　way　to

the　po1es　At　the　anaphase　au　the　d1v1ded．ha1∀es　of　b1Ya1ents　show　usua1ヱy　homotyp1c　sp11ts

　　The　sp1it　ha1ves　of　uniYa1ents　separate　actua11y　and　move　to　d．ifferent　po1es．But　in　so』e

cases　sp］1t　halves　faユ1to　separate　and　both　of　the1n，1y1ng　s1e　by　s1de，are　d1str1buted　by　chance

to　e1ther　of　two　po1es　（F1g　7d．，e，f，9，）　The　f1rst　d．1Y1s1on1s，therefore，a　c01皿bmat1on　of

the　reduction　and　the　equaton　division．Chro㎜osomes1agging　in　the　cytoplasm　are　frequept1y

observed1n　the　te1ophase

　　They　are　e】ther　monad　or　dyad　chromosomes，but　m　some　cases1t1s　d1ff1cu1t　to　d．1st1ngu1sh

them．The　monad－may　be　regarded．as　the　separated　ha1f　of　a．univa1ent　and　the　dyad　as　a－n

entlre　un1Va1ent

　　Most　of　the1agg1ng　chromosomes　arr1ve　at　or　near　the　po1e　where　a　new　nuc1eus1s］ust

formed．，but　occaslona11y　some　are玉ost　m　the　cytop1asm　It1s　somet1mes　observed－that　aH　or

most　un1va1ents　are　fused　to　one　or　two　large　chroInosome　massed．at　the　te1ophase　of　the　f1rst

d’・i・’・・（Fi・・．7㌧’）・Th・…午1・・…甲…1・・・…1lt…耳・1…叫．’・・i中・・lft・・二’も二・・ht・・

cens　dy　cytokmes1s，but　sometmes　these　masses　are　bndged　between　two　daughter　nuc1e1

　　Dur1ng　the　mterk1nes1s　the1ost　chromosomes　or　chromosome　masses　form　ad．d1t1ona1m1cro－

nuC1ei．

　　At　the皿etaphase　of　the　second　maturat訂on　dmslon　many　f1gures　show　yery　regu1ar　p1ates，

but　there　apPear　occas1ona11y　abrrant　chromosom．es　　monads　and．　dyads，　1y1ng　outs1de　the

equator1a1pjate（F1g7〕）　In　the　succeedmg　stage　a　great　number　of　chrom080mes　for皿1ng　the

second　d1v1s1on　p1ate　d－1v1de1ong1tud－ma11y　and　pass　to　oppos1te　po1es，wh11e　a　few　und．1v1d．ed－

rema1n　behmd　and　subsequent1y　are　d．1strbuted　at　random　to　the　po1es　The　former二may　be

d，yad．s　and　the1atter　m－onads　（F1g　7k）

　　Most　of　the1aggmg　chromosomes　are　monads，but　a　few　are　apparently　dyads　wh1ch　may

have　been　Ieft　outs1d．e　the　metaphase　p1ate　m　the　second　d．wヱs1on　Occas1onaHy　umva1ents　are

d－ivided　neither　at　the　first　nor　at　the　second皿左turation　divisions，and　showing　doub1e　nature，

are1ost　m出e　cフtop1as皿of　tetrad－ce11s　In　the　present　case　some1aggmg　ch1o皿osorn．es　ofteI1
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fail to reach the pole and are left out of the reformed daughter nuclei (Fig. 71, m) 

As in the first division most lagging chromosomes unite sometimes with each other and 

become chromosomes masses lying in the central portion of the cell or they extend between two 

poles. A]though both divisions are very irregular, the resultant tetrad generally contains four 

cells. 

Cells of a pol]en tetrad have occasionally some chromatic bodies in addition to a main 

nucleus (Fig. 7n, o) . Most of the young microspores are abnomal. in shape and size 

Giant and small microspores sometimes result (Fig. 7p, ) 

If both the nuclear division and cytokinesis remain incomplete, a twin microspore has only 

one large nucleus. It is, so to speak, a kind of restitution nuclei which were observed in the 

meiosis of many other hybrid*~. It is well-known from what has been above stated that 

chromosome contents in the microspore differ owing to irregular meiotic division. The analogus 

chromosome behavior is found in many hybrids of various plants 

This species is a heteroploid plant. and is a hypoheteroploid plant 

2. Potamogeton Fauriei (Benn) Miki. 2n =27 

This species has taxonomical]y been considered by Miki, to be a hybrid between P. oxyphyllus 

and P. monoginus 

In this hybrid 13 chromosomes from P, oxyphyllus and 14 chromosomes from P. monoginus 

are contributed so that 27 chromosomes would be expected as a somatic number. This was 

actually confirmed in root tip cells (Fig. 8 a) . The somatic chromosomes are slender ; 14 

chromosomes of the 27 are slightly shorter than the remaining 13 and 5 chromosomes OE the 13 

long chromosomes are slightly longer than the remaing 8, and 6 chromosomes of the 14 short 

chromosomes are sligtly shorter than remaining 8 

Then the karyotype of this species is as follows : 

K (2n) =27=5L,1 +8L,2 +8S1 +6S2 (Fig. 8i) 

At the first maturation division, 27 uni'valents are observed most frequently. Arnong them 14 

univalent are slightly smaller than the remainig 13 and 5 of the 13 Iarge chromosomes are 

slightly larger than the remaining 8, and 6 chromosdmes of the 14 small chromosomes are 

slightly smaller than the remaining 8 

The chromosomes behavior during the meio_*is of P. M. Cs. is quite similar to that in other 

plant hybrid. At the metaphase 0-7 bivalents appear. The count of bivalent was made in 100 

dividing pollen mother cells is given in Table 2 

Table 2. Frequencies of the number'-of bivalents in P. Fauriei Miki counted at 

the first divislon metaphase, 

Number of bivalent chromosomes total O 1 2 5 4 5 6 7 8 
Observed frequency 74 2 6 8 2 5 5 2 o 1 oo 

Two componp-nts of a bivalent always mate loosely with each other. 

They are almost always attached only to one end. At the early metaphase bivalents, if present 
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are　arranged　on　the　equator1a1plate，but　un1va1ents　are1rregu1ar1y　scattered．1n　the　cytop1asm

In　the　succeed，1ng　stage　most　Un1va1ents　move　to　the　equator　and　arrange　themse1ves　arround

b工va1ents　F1g　8b　shows　that3b1va1ents　and20un1▽aIents　are　found．on　the　d1v1s1on　p1ate　and

one　umYa1ent11es　at　a　d一］stance　　Un1vaIents　rem－a1n　st111on　that　p1ate　a止ter　d，1v1ded　ha工ves　of

b1va1ents　have　Inoved．apart　to　the　po1es　Ho皿otyp1c　sp11ts　of　umva1ents　apPear　at　the　anaphase

or1n　some　cases　at　more　or1ess　ear11er　per1od－s　of　the　f1rst　d，1v1slon　EYery1aggmg　umva1enl

divides　equationa11y　and．the　ha1ves　a1most　invariab1y　pass　to　opposite　po1es，though　occasionany

two　ha1yes1ymg　s1de　by　s1de　are　seen　to　move　to　one　po1e　Some　um∀a1ents皿ay　Jom　to　the

group　of　d．1v1ded．ha1ves　of　bユv・a1ents　pass1ng　to　the　po1e

　　At　the　te1ophase4groups　of　chro㎜osomes　are　often　found，the　outher　fwo　are　the　groups

composed．of　d．1v1ded．ha1yes　of　b1va1ents　and；the1mer　two　those　of　sp11t　ha1ves　of　un1va1ents

wh1ch　w111soon　reach　the　po1es　and　are　mc1uded　m　the工ormer　Many　of　the　d，aughter　nuc1e1，

therefolre，represent　irregu1ar　out1ines．

　　The　second　di▽ision　p1ate　is　regu1ar　compared　with　that　of　the　first　d．ivision．The　p1ate　usua11y

（）
α　　　　b

ε　　　　　　8

C　　　　　　叔

Fig．8．
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　Potamogeton　Fauriei　Miki・

Somauしnuc1ear　p1ate　show1ng27chromosomes

S1砒v1ew　of　heterotype　metaphase　A11chromo【ome　except　l　umva1ent　arrange

themse1ves　at　tbe　equator

S1de　vユew　of　metaphase　of　the　second　d1v1sユon　Some　monads　are　scattered　m　lhe　cen

S工de　v1ew　of　metaphase　of　the　second　d，1v1s1on　show1ng　very1rregu1ar　d1v1s1on　p1a仁es

Anaphase　of　the　second　d1v1s1on　Some　mohads　are1aggmg　m　the　equator

TeIophase　of　the　second　d1v1s1on　So㎜e　chromosome　are1ost　m　the　cytop1asm

A　pol1en　tetrad　w1th　many　chromat1c　bod1des　mam　nuc1e1

po11en　te［rad4tetrad　nuc1e1are　d1ffer1ng1n　s1ze

Somatic　chromosomes．（ca．×2000）
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includes the rnajority of chrotnosomes, but some apart (Fig. 8c) . Fig. 8d shows very irregular 

plates which were sometimes found. In this case monads and dyads scattered in-the whole cell 

are clearly seen. The number of chromo'~omes otitside the division 'plate is usually 3L5, distinctly 

more n'umerous than that of chromosomes lost at the telophase in the firs~ division_ It may be 

stated that nionads included ih daughter' nuclei ha~e also' 'a tendency to be scaftered in the 

cytoplasm ~t the formation of the e~uatorial plate of the second division 

Dyads now div'ide equationally and travel fo the poles, while monads do not, undergo a further 

division and remain behind (Fig. 8e) 

It can be seen that some lagging monads are much constricted 

L,agging chromosomes increase again in number compared., with those ' at the metaphase, but 

are fewer than the total number of univalents ri*~ing at random to - join in the reformed nucleus, 

though some frequently fail to join (Fig. 8f) 

Jn a number of P. M. Cs. most lagging chromosomes are left at the central region of a cell 

and associate themselves ir] a large chromatic clump. ' Finally by cy'tokinesis this clump is 

constricted and separated into two portions or the entire mass is enclosed in one of two 

daughter cells. Thus, monads show greater irregularities in their behavior at the anaphase and 

the telophase of the second division than the univalents at the first division. Many supernumer 

ary nuclei are found in young pollen tetrads, but generally four pollen grains afe formed from 

one P. M. Ca. (Fig. 8g). Sometimes some microspores show' abnormal appearance as n othe 

plant hybrids (Fig. 8h). 

3. Potamogeton oxyphy'llus Miq. 2n=26 

This species has 26 chromosomes in the somatic cells (Fig. 9a). The same n] umber has been 

reported by Harada (1942) . 

Of the 26 chromosomes, 12 are slightly longer than the remaining 14, and 2 chromosomes of 

the 12 Iong chromosomes are slightly longer than the remaining 10, and 6 chromosomes of the 

14 short chromosornes are shorter than remaining 8. The karyotype of this species is as follows 

K (2n) =26 =2L,1 + 10L,2 + 8S1 +6S2 (Fig. 9c) 
- ¥dP V 
ep_ 8 ~~ In -~the P. M. Cs. 13 bivalent chromosomesare coun-
¥"/ ~/~e o G GO -_f~~ ~Pf.. ~ ted at diakinesis and metaphase in the heterotype Ooo o 
~~f / ~ O S o divis~ion. 6 bivalents chromosomes of the 13 are larger 

a than the remaining 7, and one bivalent chromosome b
 

of the 6 Iarg~ bivalent chromosomes is slightly larger 

l g S 8 8 8 S 8 S 8 S t a than the remaining 5, and~3 bivalents chromosomes of 

f
 

Fig. 

a. 

b. 

c. 

8 88eg sS 8 a gS 3 
C
 

9 . Potamogeton oxyphyllus Miq 

Sornatic nuclear plate showing 26 

chromosomes 

Heteroty pemetaphase in polar view 
showing 13 bivalent chromosome. 

-qomatic chromosomes. (ca. x 200C) 

the 7 small bivaent chromosomes arer smal]er than the 

remaining 4 (Fig. 9 b). The haploid chromosome 

number is 13 and is also found in P. pusillus L,., P. 

panormitanus Biv. and .some other species, and thus 

we can certainly say that in this genus there is Pota-

mogeton at least two basic number of 7 and 13, the 

former of which we have already mentioned. 

A11 bivalents divide almost simultaneously in the 
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anaphase and the divided halves move to opposite pole in a regular manner 

Two daughter nuclei enter the interkinesis condition. In the second division all chromosomes 

are regularly arranged on the e:quatorial place in the metaphase of the second division, and in 

the anaphase, each of the longitu'iinal halves of chromosomes passes to the spindle poles. The 

number of the pollen grains are uniform in shape and size. 

4. Potamogeton pusillus L,. 2n=26 

The somatic number of chromosomes is 26 in this specie (Fig. 10a) . The same number has 

been reported by Palmgren (1939) . Among the 26 chromosomes, 12 are slightly larger than the 

remaining 14, and 6 chromosomes of the 14 
~~p-J~~~/ ~~~ 

oo short chromosomes are shorter than the rema-o eo o O ljpCI~~~;~;fl'~~ ~fqsdP 

O:eoe) ining 8. ~
 The karyotype of this species is as follows b

 a 
K(2n). =26=12L,1+8S1+6S2 (Fig. 10c) 

8 8 8 g 8 1 8 g g s t g S
 'The chromosome behavior in the P. M. 
8
 

8 8 S 8 8 J g 8 g S s 3 Cs. is on the whole regular in this species. 

C The number of chromosomes pairs is found 
Fig. 10. Potamogeton pusillus L. in most cases to be 13 at diakinesis, and 
a. Somatic nuclear plate showing 26 chromos- m~taphase in the heterotype as vvell as the 

omes. homotype divisions (Fig. 10b) . 
b. Heterotype metaphase in polar view showi- Among them, 6 bivalents of the 14 are larger 

ng 13 bivalent chromosomes, 
c . Somatic chromosornes. (ca. ;.< 2000) than the remaining 7, and 3 bivalents of the 

7 small bivalents are slightly smaller than the 

remaining 4. But this difference in size is not so distinct. In some cases, ' m I or 2 bivalents 

the component chromosomes are loosely associated. 

5. Potamogeton panormitanus Biv. 2n=26 

In this species 26 chromosomes are counted in the root-tip cells (Fig. 1la) 

The same number has been reported by Palmgren (1939) . 12 of the 26 chromosomes are larger 

than the remaining 14, and 2 chromosomes of the 12 Iong chromosomes are slightly longer than 

the remaining 10, and 6 chromosomes of the 14 short chromosomes are siightly shorter than the 

rerr]aining 8 

The karyotype of this species is as follows: 

K (2n) =26 =2L,1 + 10L2 + 8S1 -~ 6S2 (Fig. 1lc) 

In maturation divisioii P. M. Cs. 13 bivalents are observed in diakinesis and metaphase in 

heterotypic division. 

Among them 6 bivalents of 13 are larger than the remaining 7, and I bivalent of the 6 Iarge 

bivalents are slightly laiger than the remaining 5, and 3 bivalents of th"e 14 smal] biva.lents are 

smaller than the remaing 4 (Fig. 1lb) 

sokyu
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F o o e_ e All bivalents divide almost simultaneously _// 'd 
_ ~s . ~~ oe- in the anaphase, and the divided halves o e oo Q~¥~~ltJ 't / o o 
- /f / S mo¥Te to opposrte poles in a regular 
Pf ! a b manner.' Two daughter nuclei enter the 

interkinesis 

8 8 8 8 The second division proceeds norma]ly S 8 8 S 8 r C 8 C 
8 8 8 1 and no abnormal behavior of chromosome is 8 S I ' f s 8 8 6 

observed. 

C The po]len tetrads, and pollen grains are 
Fig. 11. potamogeton panormitanus Biv. ' uniform in shape and size 
a. Somatic nuclear plate showing 26 chromoso-

mes. 
b. Heterotype metaphase in polar view showing 

13 bivalent chromosomes 
c. Somatic chromosomes. (ca. )( 2000) 

6. Potamogeton orientalis Hagst 2n=26 

According to Miki, this species has taxonomically been considered to be a hybrid between P 

oxydhyllus and P. , pusi]lus. Then this hybrid 13 chromosomes from P. oxyphyllus and 13 

chromosomes from P. pusil]us are contributed so that 26 chromosomes would be expected as a 

somatic num.ber. This was actually confirmed in root-tip cells (Fig. 12a) 

Among them 12 chromosomes of 26 are longer than the remaining 14, and 2 chromosomes of 

12 Iong chromosomes are s]ightly longer than the remaining 10, and 6 chromosomes of 14 short 

chromosomes are shorter than the remaining 8. Then the karyotype of this hybrid is as follows 

K(2n) =26=2L,1 + 10L,2 + 8S1 +6S2 (Fig. 12j) 

At metaphas~ I. of P. M. Cs. 26 chromosomes are observed most frequently 

Among them 12 chromosomes are larger than the remaining 14, and 2 chromosomes. of 12 

large chromosomes are slightly larger than the remaining 10, and 6 chromosomes are slightly 

smaller than the remaining 8 

The chromosome behavior during the meiosis of P. M. Cs. is abnormal 

At metaphase 1 1-8 bivalent chromosom'es are observed. Univalent chromosomes vary from 1 

to 26, depending on the number of bivalents. The frequency of the number of bivalen~s and 

univalents fouhd in 100 dividing P. M. Cs. is given in Table 3 

Two components of a- bivalent always mate with each other 

At the ear]y metaphase. bivalents, if ~resent, are arranged on the equatorial plate but 

univalents are irregularly scatterd in. the cytoplasm (Fig. 12b, c) 

Table 5 Frequency of the number of bivalants and umvalents found m P onentalis 

count made at the metaphase 

Number of bivalent 

O 1 2 5 4 5 6 7 8 9 10 1,1 
Observed frequency 7 Io 8 12 15 17 9 21 5 o o o 1 oo 

sokyu
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　　In　the　su㏄eed．mg　stage　most　un1va1ents　move　toward　the　equatρr　and－arrang1ng　themse1∀es

around　b1▽a1ents　and　remam　st111at　that　p1ate　after　d1v1d－ed　halves　of　biyalentきhave　moved

apart　to　the　sp1nd．1e　po1es　（F1g　12d、）

4（θ瓜

い榊
〉㌧8

　　　　　α

c　　　　　　　磁

盈　　　　　　　馳

孟

　　　　　　　　　　　　　　　　1〔〕いいい〕

　　　　　　　　　　　　　　　　1〕〕い〕い〕

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　ガ

F1g12　potamogeton　or1enta11s　Hagst

　　　a　Somat1c　mc1ear　p1ate　showmg26chromosomes

　　　b　S1de　v1ew　of　metaphase　of　the　f1rst　d1v1s1on　B1▽aIent　chromosomes　arranged　m

　　　　　　equator　and　umva1ent　chromosomes（show　so11d　b1ack）　scattered1n　the　cytop1asm

　　　c　S1de　v1ew　of　metaphase　of　the　f1rst　d1v1s1o：n　B1▽a1ent　chromosomes　arranged

　　　　　　equator　and　un1va1ent　chromosomes　around1t

　　　d　S1de　v1ew　of　heterotype　anaphase　Some　un1va1ent　chromosomes1ag91ng　m
　　　　　　equatOr二a1regiOn．

　　　e　Metaphase　of　the　second　d．1v1s1on　Some　monads　and　dyads　are　scattered1n　the　ce11

　　　f　S1de　y1ew　of　anaphase　of　the　second　d－1例s1on　Some　monads　and　dyads1aggmg

　　　　　　1n　the　equator1a1　reg1on

　　　g　S1de　v1ew　of　te1ophase　of　the　second　dw1s1on

　　　h　You．ng　po11en　tetrad

　　　i．Abnorm靱Po11en　grains・（twin，sma11etc．）．

　　　〕　Somat1c　chromosomes　（ca×2000）



~i,~~~;~~~~~~~1･~~~~f~~~{~~~ ~~91~~ A-1 ~~~~~~. ,_~~~~ (1961) 2 52 

The second division plate is regular compared with that of the first division. The p]ate 

usually includeS th~ majority of chromosomes, but some are apart from very irregular plates 

wich were sometimes found. In this case monads and dyads scattered in the whole cell are 

clearly seen (Fig. 12e) . 

The number. of chromosomes outside the division plate is usually 3 -4, distinctly more 

numerous than that of chromosomes lost at the telophase in the first division. It may be stated 

that monads included in daughter nuclei have also a tendency to be scattered in the cytoplasm 

at the formation of the equatorial p]ate of the second division 

Dyads now divide equationally and move to the poles, whi]e monads do not undergo a further 

division and remain behind. It can be seen that some lagging monads are very constricted 

(Fig. 12f) 

Lagging chromosomes increase again in number compared with those at the metaphase, but 

are few than the total number of univalents rising at the metaphase of the first division 

Shortly after they move at random to join to the reformed nucleus, though some frequently 

fail to join (Fig. 12g). In a number of P. M. Cs. most lagging chromosomes are left at the 

central region of a cell and associate themselves into a large chromatic clump 

Finally by cytokinesis this clump is constricted and separated into two portions or the entire 

mass is enclosed in one of two daughter cells (Fig. 12h) . Many supernumerary nuclei are 

found in young pollen tetrads, but generally four pollen grain are formed from one pollen 

mother cells. Sometimes some microspores show abnormal appearance (Fig. 12 i) , such figures 

may have resulted from an interkinesis cell which cytokinesis has incompletely took place ior 

prevention of a chromosome mass lying at the central region of the cell 

B. Hypooctaploids 

1. Potageton malaianus Miq. 2n=52 

The somatic chromosome number of this species was determined to be 52 (Fig. 12 a) . The 

same number has been reported by Harada (1942) 

Among them 24 are longer than the remaining 28, and 12 chromosomes of the 24 Iong chro 

mosomes are longer than the remaining 12, and 14 chromosomes of the 28 short chromosomes 

are shorter than the remaining 14 

Then the karyotype of this species is as follows: 

K (2n) =52= 12L,1 + 12L2 + 14Sl + 14S2 (Fig. 13c) 

At metaphase 1 26 bivalents chrom6,sQmes are observed among them 12 bivalents of 26 

are larger than the remaining 14, and 6 bivalent of the 12 Iarge bivalents are larger than the 

remaining 6, and 7 bivalents of the 14 small bivalents are smaller than the remaining 7 (Fig 

13b) . The behavior of chromosornes in disjunction is regular in general 

The maturation divisons are quite regular, and no significant irregularities have been found 

Forma subf]uitans Makino is the same species with P. malaianus Miq 



Harushige TAKUSAGAWA Cytological Studies in the Genus Potamogeton of Japan 25~ 
~ 

f b~: p 
,/-~:i~ g
/
~
 ~

 

O o oo o 

o .~ o oO 
o oo oo o ooe eo o OO b

 

11J 

fll 

I1 

ll 
Iflllll't"tgl 
18lflJl' 8 J J I g S ' , 

C 

Fig. 13 

a. 

b. 

PotarDOgeton malaianus Miq. 

Somatic nuclear plate showing 52 chromosomes 

Heterotype metaphase in polar view showing 26 bivalent chromosomes 

Somatic chromosomes. (ca. x 2000) 

2. Potamogeton dentatus Hagst. 2n =52 

52 somatic chromosomes number are counted in root-tip cells (Fig. 14 a) . The 

has been reported by Harada (1942) 

The karyotype of this species is quite the same as that of P. malaianus 

K (2n) = 52 = 12L,1 + 12L,2 + 14S1 + 14S2 (Fig. 14c) 

' quite the In diakinesis and metaphase I the sizp_ and shape of chromosomes rs 

of P. malaianus (Fig. 14b) 
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potamogeton dentatus Hagst 

Somatic nuclear piate shOWing 52 chromosomes 

Heterotype metaphase in potar view showing 26 biValent chromosomes 

SOmatic chromosomes' (ca'x2000) 
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3. Potamogeton alpinus Bolb. 2n=52 

52 somatic number of chromosomes are counted in root-tip cells (Fig. 15a) . Among them 24 

are longer than the remaining 28 

Then the karyotype of this species is as fQlloWS 

K (2n) =52=24L,1 H-28S1 (.Fig. 15c) 

The chromosom~ behavior in the maturation division of the P. M. Cs. is, on the whole, 

regular in this species. The bivalent chromosomes are found in most cases to be 26 at diakinesis 

and metaphase in the heterotype (Fig. 15b) 

The bivalents can be divided into two classes according to their size; the chromosomes of the 

first class which are 12 in number are larger than the 14 chromosomes of the other 

All the chromos6mes are routd in shape. The division figures are, practically speaking, all 

regular both in the~ heterotype and homotype divisions 

The pollen grains are mostly normal in appearance 
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potamogeton alpinus Balb 

Sotnatic nuclear plate showing 52 chromosomes 

Heterotype metaphase in polar view shOWing 26 biValent chrornosomes 

Somatic chromosornes. (ca. ><: 2000) 

4. Potamogeton perfoliatus L. 2n = 52 

This species shows 52 chromosomes in the root-tip cells (Fig. 16 a) . The same number 

been reported by Wisniewska (1931) . 

24 chromosomes of the 52 are slight]y longer than the remaining 28 

Then the karyotype of this species is as follows: 

K (2n) =52=24L1 +28S1 (Fig. 16c) 

In maturation division are found 26 bivalents in the heterotype metaphase (Fig. 16b) . The 

relation among those bivalents is recognizable as in the case of P. alpinus 

12 bivalents of the 26 are larger than the remaining 14. Nothing abnormal is found in 

chromosome behavior in the division 

has 

size 

the 
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potamogeton perfOliattis L 

Somatic nuclear plate shOWing 52 c'hromosomes 

Heterotype metaphase in polar view shOWing 26 bivalent chromosomes 

Somatic chromosomes. (ca' x2000) 

la 

sl 

5 Potamogeton cnspus L,. 2n = 52 

In this species 52 chromosomes are found in the root-tip cells (Fig. 17a) and the same number 

has been reported by Palmgren. (1939) . Of these chromosomes 24 are longer than the remaining 

28, and 14 chromosomes of 28 shrot chromosomes are shorter than the remaining 14 

Then the karyotype of this species is as follows: 

K (2n) = 52=24Ll + 14S1 + 14S2 (Fig. 17c) 

The chromosome behavior in the matmation division of the P. M. Cs. is on the whole regu]ar 

in this species. The number of chromosome pairs is found in most cases to be 26 at diakinesis 

and metaphase in the heterotype as well as the homotype division (Fig. 17b) . 12 of 26 bivalents 

are larger than the remaining 14 and 7 of 14 small biva]ents are smaller than the remaining 7 

The members of the pollen tetrad and pollen grains are uniform in shape and size. No 

significant irregularities have been found 
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Potamogeton crispus L 

Somatic nuclear plate showing 52 chromosomes 

Heterotype metaphase in polar view showing 26 bivalent chromosomes. 

Somatic chromosomes. (ca.x2000) 
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6 Potamogeton praelong'Js wulf. 2n =52 

The somatic number of chromosomes is 52 counted in root-tip cells (Fig. 18 a) . The same 

number has been reported by Palmgren (1939) . 24 chromosomes of 52 are longer than the 

remammg 28 
The Karyotype of this species is as follows: 

K(2n) =52=24L,1 +28S1 (Fig. 18d) 

The chromosome behavior in meiosis of P. M. Cs. is on the whole regular in this species 

The bivalent chroinOSomes is found in most cases -to be 26 at diakinesis and metaphase I (Fig 

18b) , 12 of 26 bivalents are slightly larger than the remaining 14. In' some cases, in I or 2 

bivalents the component chromosomes are very loosely associated, or even separated from each 

other, so that mor~ than 26 chromosomes elements are counted in the heterotype nuclear plate 

In the second division the metaphase plates are very regular (Fig. 18 c) . The two plates 

are disposed at right angles or parallel to e~ch other 
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Fig. 18. Potamogeton praelongus Wulf 

a. Somatic nuclear plate showing 52 chromosomes. 

b. Heterotype metaphase in polar view showing 26 bivalent chromosomes 

c. Metaphse of the second division 

d. Somatic chromosomes. (c.a. x 2000) 

7. Potamogeton Maackianus Benn. 2n =52 

In the metaphase of somatic mitosis we counted 52 chrotnosomes (Fig. 19 a) . The same 

number has been reported by Harada (1942) 

In those chromosomes 24 chromosomes of 52 are sJight]y longer than the remaining 28 

The karyotype of this species is as follows 

K (2n) = 52=24L1 + 28S1 (Fig. 19c) 

In maturation division of P. M. Cs., 26 bivalents are observed. in diakinesis and metaphase in 

the heterotypic division. Among them 12 are larger than the remaining 14 (Fig. 19 b) . A]l 

bivalents divide almost simultaneously in the anaphase, and the divided halves move to 

opposite poles in a regul=ar manner. Two daughter nuclei enter the interkinesis 
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In the second division ~}ll chromosomes are regular]y arranged on the equatoria] plane in the 

metaphase of the second division, and. in the anaphase each of the longitudinal halves of 

chromsomes= they pass to the spindle poles. The members of the pollen tetrad, and pollen 

grains are uniform in shape and size. 

P. tenuifolius Camus is a same specie.s with P. Maackianus Benn 
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Potamogeton Maackanus Benn 

Somatic nuclear plate showing 52 chrcuTlosomes. 

Heterotype metaphas*e in polar view showing 26 bivalent chromosomes 

Somatic chromosomes. (ca. x 2000) 

8 Potamogeton natans L,. 2n =52 

In this species somatic number of chrom6somes are 52 counted in root-tip cells (Fig. 20 a) 

The same number has been reported by Palmgen (1939) 

The karyotype of this species is quite the same as that of P. Maackianus 

K (2n) = 52=24L,1 + 28S1 (Fig. 20c) 

In the maturation division of P. M. Cs., the size and shape of chromosomes is quite the same 

as that of P. Maackianus (Fig. 20b) 

lif 
gl} 

Fig. 20 

a. 

b. 

/ ~¥c( ll 
'~~~ ¥Q ~~f~¥ 
~ /; ~t~c tl 
J)If )/L.;(~~~ fcI~~l 

~(f " ~ 

a 

Ifll)ll8 
iBIS]lll 

Is 
Is 

oo o 
O eo oe 

o o GG o Q9 g o 
O ~o o 
oo o 
b
 

188Slllfll8lt 
CSfllt3188ltf 

C
 

Potamogeton natans L 

Somatic nuclear plate showing 52 chromosomes 

Heterotype metaphase in polar view showing 26 bivalent chromosomes 

Somatic chromosomes. (ca. x 2000) 
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9. Potamogeton distinctus Benn. 2n =52 

The somatic number of chromosomes is 52 counted in root-tip ceJls (Fig 21 a) . The same 

number has been reported by Harad.a (1942) 

38 chromosomes of 52 are slightiy longer than the remaining 14, and 2 chromosom~s of 38 

long chromosomes are slightly longer than the remair,ing 36 

Then the karyotype of this species is as follows: 

K (2n) = 52 = 2L1 + 36L2 + 14S1 (Fig. 2lc) 

In P. M. Cs.. 26 bivalents chromosomes are counted at diakinesis and metaphase I and 26 

univalents at metaphase in the homotype division (Fig. 2lb) . All the chromosomes are round in 

shape. The division figure;s are practically speaking' all regular both in the heterotype and 

homotype divisions. The pollen grains are mostly normal in appearance 

P. Teperi Benn.. P. Francketii Benn. et Baa6e. P. Iongipetiolatus Camus are same species wrth 

P. distinctus Benn 
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Fig. 21. Potamogeton distinctus Benn 

a . Sorpatic nuclear plate showing 52 chromosomes 

b . Heterotype metaphase in polar view showing 26 bivalent chromosomes 

c. Somatic chromosomes. (ca x 2000) 

lO. Potamogeton biwaensis Miki. 2n=52 

This species has taxonomically been considered by Miki to be a hybrid between P. maackian-

us Benn. and P. nipponicus Makino 

Observations in root-tip celJs (Fig. 22a) , as in the case of the P. maackianus Benn. of the 52 

chromosomes 24 are slightly longer than the remaining 28. The same number has been reported 

by Harada (1942) 

The karyotype of this species is as foIJOWS 

K (2n) = 52 = 24L1 + 28S1 (Fig. 22c) 

In P. M. Cs. 26 bivalents chromosomes are counted a diakinesis and metaphase I and 26 

bivalents at metaphase ll (Fig. 22b) 

sokyu

sokyu

sokyu

sokyu



Harushige TAKUSAGAWA Cytological Studies in the Genus Potamogeton of Japan 259 

The division figures are practically speaking, all regu]ar 

divisions. 

The poJlen grains are mostly normal in appearance 

both in the heterotype an d homotype 
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Potamogeton biwaensiS Miki 

SOmatic mitclear plate shOWing 52 chrornosomes. 

Heterotype metaphase in polar view showing ~6 bivalent chromosomes 

SOmatic chromosomes' . (ca' x 2000) 

11. Potamogeton malaianoides Miki 2n =52 

This species has taxonomically been considered by Miki to 

Benn. and P. malaianus Miq 

The somatic chromosome number is 52' in this species (Fig 

24 chromosomes of 52 are lon~er ' than the remaining 28, 

chromosomes are slightly shorter than the remaining 14 

Then the karyotype of this hybrid is as follows 

be a hybrid 

23a) . 

and 14 

between P. distinctus 

chroindsomes of 24 short 

K (2n) =52=24L,1 + 14S1 + 14S2 (Fig. 23c) 

The behavior of chromosomes in the P. M. Cs. is regular in this hybrid. The number of 

chromosome pair is found in most cases to be 26 at diakinesis and metaphases in the heterotype 

as well as in the homotype division (Fig. 23b) 

A.mong 26 bivalents, 14 are smaller than the remaining 12, and 7 of 14 small bi¥'alents are 

smal]er than the remaining 7, but this difference in size is not so distinct. In some cases, in 

1 or 2 bival~nts the component chromosomes are very lobsely asssociated, or even quite separated 

from each other, so that more than 26 chromosomal elements are counted in heterotype nuclear 

plate. 

In the second division the metaphase plate are very regular 

The two plates are disposed' at right angle's or' parallel to each other 
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potamogeton ma]ainoides Miki 

SOmatic nudear plate showing 52 chromosomes 

Heterotype metaphase in potar view showing 26 bivatent chromosomes 

SOmatic chromosomes' (ca' x 2000) 

12. Potamogeton anguillanus Koidz. 2n = 52 

This species has taxonomically been considered by Miki to be a hybrid. The somatic number 

of chromosomes 52 are counted in root-tip cells (Fig. 24a) . Among them 24 chromosomes of 

the 52 are longer than the remaining 28 

The karyotype of this species is as follows 

K(2n) =52=24L,1 +28Sl (Fig. 24c) 

In matur.ation division oi P. M. Cs. 26 bivalent chr,:omosomes are counted at diakinesis and 

metaphase in the heterotype division and 26 univalents metaphase in the homotype division 

(Fig. 24b) . 

Among them 12 bivalents of the 26 are larger than the remaing 14 

The division figures are all regular both in the heterotype and homotype drvrslons Th 

pollen grains are mostly normal in appearance 
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Potamogeton anguillan.. us Koidz. 

Somatic nuclear plate showing 52 chromosomes 

Heterotype metaphase in polar view showing 26 bivalent chromosomes 

Somatic chromosomes. (ca. x 2000) 
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13 Potamogeton nrpponicns Mak. 2n=52 

This species has taxonomically been con-sidered by Miki to be a hybrid. The somatic number 

of chromosomes, 52 is counted in root-tip cells (Fig. 25a). The same number has been reported 

by Fi'.arada (1942) 

Of these chromosomes 24 are longer than the remaining 28, and 12 chromosomes of the 24 

long chromosomes are slightly longer than the remaining 12, and 14 chrombsonies of the 28 

short ckLromosomes are shorter than the remaining 14 

Then the. karyotype of this species is as follows 

K (2n) = 52= 12L,1 + 12L,2 + 14S1 + 14S2 (Fig. 25c) 

In diakinesis and metaphase in the heterotype division, 26 bivalents chromosomes are observed 

(Fig. 25b) . In these bivalents chromosomes 12 bivalents of the 26 are larger than the remaining 

14 and 6 bivalents of the 12 large bivalents are slightly larger than the remaining 6, and 7 

bivalents of the 14 small bivalents chromosomes, are smaller than the remaining 7 

All bivalents divide almost simultaneously in the anaphase, and the divided halves move to 

opposite pole in a regular manner. Two daughter nuclei enter the interkinesis condition. A11 

chromosomes are regularly arranged on the equatorial plane in the metaphase of the second 

division, and in the anaphase ~ach of the longitudinal halves of chrornosomes passes to the 

Pole. the menbers of the pollen tetrad and pollen grains are un,iform in shape and size. The 

maturation division is quite regular and no significant irregularities have been found 
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Pbtamogeton niPPOnicus Mak 

Soinatic nuclear plate shOWirig 52 chromosomes 

Heterotype metaphase in polar view showing 26 bivalent chromosomes 

Sotnatic chromosornes. (ca' x 2000) 

C. Hypododecaploids 

1. Potamogeton pectinatus L. 2n=78 

The somatic number of chromosomes is 78 in root-tip 

has been repo~ted by Harada. 36 chromosomes of 78 ar,;; 

cells (Fig. 26 a) and the same number 

slightly longer than the remaining 42 
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Then the karyotype of this species is as follows: 

K (2n) =78=36L,1 +42S1 (Fig. 26c) 

At metaphase the chromosomes typically lie nearly in a single plane at the equator of the 

spindle, forming the equatorial plate. 39 bivalent chromosomes are counted at diakinesis and 

metaphase I (Fig. 26b) 

18 bivalents chromosomes of 39 are slightly larger than the remaining 21 

Ali the chrocnosomes are round in shape. The division figures all regular both in the 

heterotype and homotype divisions 

The pollen grains are mostly normal in appearahce. 

P. filiformis Pers., P, vaginatus Turcz, P. flabellatus Bab. are the same species as P. pectinatus 

L. . 
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Fig' 26. POtamogeton pectinatus L 

a' SOmatic nuctear plate shOWing 78 chromosomes 

b ' Heterotype metaphase in polar view showing 39 bivalent chromosomes 

c . Scunatrc chromosomes (ca v 2000) 
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DISCUSSION 

I Baslc number of chromosome in the genus Potamogeton 

In this genus several different number of chromosomes have been reported by wiegand 

(1899) wisniewska, (1931) Kuleszanka, (1934) Palmgren, (1939) Takusagawa,' (1939) Harada, 

(1942) Takusagawa> (1950) and Harada (1956) . 

So far as the results of my investigation are concernd, there are two basic number of chromo-

somes in this genus, namely 7 and 13 

The species or hybrids in which the chrorhosome number is a multiple of 7 are : P. monoginus 

P. cristatus, P. vaseyi, P. numasakinus, and P. Friyeri. P. monoginus, P. cristatus, P. vaseyi, P 

numasakianus ar'e tetraploid (2n=28) and P. apertus and P. Friyeri are hexaploid (2n =42) , 

The ~pcies or hybrids in which the chromosome number is a multiple of 13 are P. oxyphyllus 

sokyu
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P. panormitanus, P. pusillus. P. orientalis, P. maiaianus, P. dentatus, P. nipponicus. P. perfoliatus, 

P. crispus. P. praelongus, P. maackianus, P. biwaensis, P. alpinus, P. distinctus. P. malainoides, 

P. natans, P. pectinatus and P. anguillanus 

P. oxyphyllus. P. panormitanus. P. pusillus, P. orientalis are hypotetrap]oid (2n=26) . P. mala-

ianus. P. dentatus, P. nipponicus, P. perfoliatus, P. crispus. P. prae]ongus, P. maackianus, P 

biwaensis, P. alpiuns, P. distinctus, P. malainoides, P, . natans and P. anguillanus are hypooctapl-

oid (2n=52). P. pectinatus is hypododecaploid (2n=78) 

P. kamogawaensis and P. Fauriei are hypotetrraploid (2n=27) . 

P. monoginus, P. cristatus and P. vaseyi have 14 bivalents chromosQmes in heterotypic 

metaphase of matu.ration division in P. M. Cs. and 28 chromosomes in root-tip cells 

P. oxyphyllus. P. panormitanus and P. pusillus have 13 bivalents chromosomes in heterotypic 

metaphase of maturation division in P. lvl. Cs, and 26 chromosomes in root-tip cells. The 28 

chromosomes group as compared with the 26 chromosomes group, as we have described for 

these species in the forgoing chapter, the 28 chr.omosome group has 14 Iarge chromosomes 

and 14 small chromosomes. The 26 chromosomes group have 12 Iarge chromosomes and 14 

small chromosomes, and by the behavior of the chromosomes in meiosis can reveal that one 

pair of 14 Iarge chromosomes are lost and 26 chromosomes group are newly composed. In P 

oxyphyllus, P. pusillus and P. panormitdnus all the chromosome numbers hither to found in 

these species are 26. This is a heteroploid number, the somatic number of chromosomes being 

26. Observation of the meiotic division in pollen mother cells have proved that the number 13 

is haploid number. 

Investigation into the behavior OE the chromosomes in meiosis can reveal that they are 13 

and hence the plant is hypotetraploid 

In P. malaianus, P. dentatus, P. nipponicus, P. perfoliatus, P. crispus, P. praelongus, P. maac-

kianus, P. biwaensis, P. distinctus. P. natans, P. alpinus. P. malainoides, on the other hand, all 

the chromosome number hither to found in various species are 26, the somatic number of 

chromosomes being 52. Observations of the .meiptic division in P. M. Cs. have proved that the 

number 26 is the haploid number. Then these sp~cieis are hypooctaploid. Harada (1942) 

has reported other chromosome number which I have not found in any, of the species and 

hybrid at my~ 'disposal. According to him, in P. Fauriei the somatic number is' 29, and in P 

Kamogawaensis it is 42, and in P. Friyeri it is 52. According to the result I have obtained 

P. Fauriei and P. Kamogawaensis are 27 in somatic number, and P. Friyeri is 42 in somatic 

number 

It may be observed that the P. Friyeri has interspecific polyploid 

And Harada adds a new basic number 14 to those given above. The number 14 as a basic 

number may put the conc]ution that the number 7 is without doubt the basic number in Potam 

ogeton. If, then, the latter conclution is wrong and the former number is correct, in those 

species of P. apertus and P. Friyeri somatic chromesomes number are 42. In the metaphase in 

the heterotype diyision, there are found 21 bivalents, then these are hexaploid. This fact 

subtantiates the view that number 7 is at least a basic number is Potamogeton 

According to W'iegand (1899) in P. foliosus in diakinesis and metaphase in the heterotype division 

7 bivalent chromosomes are observed. The fact substantiates the view that the number 7 is at least 
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a basic number in Potamogeton. We have, moreover, other facts which substantiate 'the view 

that the number 7 is at least the basic nurrLber in P. cristatus, P. monoginus, P. vaseyi and 

other speies. ~/ bivalents of the 14 are large and 7 small. In P. oxyphyllus. P. panormitanus. P 

pusillus> and othe species. 6 bivalents of the 14 are large and 7 small. If in these cases the 

basic number is 13 or 14, these sete of chromosomes must consist of similar sets each. This is 

asssumable in both cases. In p. Fauriei, a chromosome hybrid between 13 and 14, the two 

groups of chromosomes are shown to represent independent genomes. No affinity is shown 

between the chromosomes of 13 and those of the 14. They are found to be all univalent in 

the heterotype metaphase, and neither of the two chromosomes is a mating pair in P 

Kamogawaensis. P. oxyphyllus-vaseyi hybrid, and the 14 of the P. vaseyi chromosomes also remain 

as univalents having no mate at all in the heterotype division. These facts show that the 14 

univalent chromosomes from the parent P. vaseyi have no mating chromosomes not only in the 

group of chromosomes from the other parent, but also among chromosomes in their own group 

To put it into other words, this group of the 14 chromosomes in P. vaseyi is a diploid set 

which composes two genomes. The number 7 must, therefore, be basic number of this species 

The general conclutions which we can draw at present are, therefore, as follows; 

1. In the present state of knowledge we must admit that in the genus Potamogeton there are 

two basic numbers 7 and 13 

2. The 13 chromosoomes group is derived fr,~)m the 7 chrom some group 

3. It must be left for futuer researches to decide whether the number 14 represents one of the 

basic numbers in Potamogeton as considered by Harada 

II. Origin of polyploidy in the genus Potamogeton 

The probleln wil] be discussed as fol]ows ~ts the result of investigation 

l. An essentia] phenornenon for the growth of polyp]oid plants' is that it is precede by the 

arising of g,ametes which carry a corresponding number of the haploid sets of chromsomes. It 

has been shown by many investigations that in haploid and trip]oid as well as in many hybri-

ds, an irre.,g, ular distribution of chromosomes cmmonly take pJac~ in the meiosis. This kind 

of irregularity is also of c )mmon occurrence in Potamogeton, especially in its heterop]oid forms 

The irrsgularity appears to give rise to the formation of. gametes which carr~ aberrant number of 

chromosomes, and it appears that it p]ays a great role in the arising of individuals with differ-

ent numbers of chromosomes 

But we have facts that go to prove that most of the tetrad cells, produced through such an 

irregular meiotic process can not function owing to illegitimate combinations of chromosomes 

In the haploid mutant of Datura; Belling (1926) has found that in meiosis the distribution of 

the 12 chromosomes to the poles takes pi~ce by chance, resulting in pairs of chromosome 

groups: Il : 1, 10 : 2, 9 : 3, . . . . . . 6 : 6, an~d according to Blakeslee and Cartledge (1926, 1927) 

800/0 Of the_ pollen grains are empty in this haploid 

In a haploid nutant of Oenothers franciscana Davis and Kulkarni (1930) have found that 

such pollen grains amount to 60-900/0. Examples are also found in heteroploid species of 
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Potamogeton. 

In these plants, 60-900/0 Of the pol]en grains are empty, and in the extreme case which is 

examplified by P. Kamogawaensis almost all of them are empty 

2. Another phenomenon for the arising, of polyploid individuals is that it is preceded , by the 

arising of diploid pollen formation. 

According to Belling (1926), in Datura, diploid pollen occurs frequently in the haploid, much 

more frequently than in the diploid or even in the haploid, much more freqnently than in the 

diploid or even in the triploid two groups of 12 unsplit chromosomes each are formed at the 

anaphase. There is no further division and only two pollen grains result. In non-reduction in 

haploids the chromosomes at the first metaphase become 4-10bed and show the split while 

still in the equatolial plate. The first maturation division is entirely omitted in this haploid, and 

therefore formation of dyads occurs instead of tetrads 

A similar behavior has also been observed by Karpec_kenko (1927, 1928) in Raphanus-Brassica 

hybrid. 

This case was not observed in Potamogeton 

3. Suppression or retardation of the meiosis may by mentioed as a noteworthy phenomenon 

which is one of the causes of the formation of diploid gametes 

This phenomenon has been observed in severa] plants and in potamogeton, too. Rosenberg 

(1917 19_96 27) has pornted out the following two type of the pecullanty whi h he found m 

the Euhieracium species 

(a) At the heterotype metaphase or anaphase the process of division does not proceed further 

but is arrested by the premature homotype division, whereby the restitution nucles -as it is 

called by him-is formed. 

(b) ' In the second type, the prophase nucleus in the heterotype division contracts markedly 

together with the cy'toplasm surrounding it, this being followed by a stage in which the nucleus 

shows the characteristic feature in the interkinesis that every chromosomes is split longitudinally 

In both types the final results are the same, this being the formation of the pollen dyad 

Rosenberg regards this peculiarity as an important process in the doub]ing of the chromosome 

number in organisms 

4. The fusion of the homotype spindles is aTSO an important phenomenon in regard to the 

doubling of the chromosome numbers in gametes. This cas has been observed by several inve-

stigators in many plants, such as L,j,umgdahl (1922) in Papaver, Goodspeed (1923) in Nicotiana 

AL-~elius (1924) in Senecio, Matsuda_ (1927) in Petunia, Karpechenko (1927) in Raphanus x Brssica 

Fukuda (1927) in the Potato, Hakanson (1929a) in Salix, Mfintzing (1930) in C･･-aleopsis, this 

mode of chromosome doubling is not found in Potamogeton 

5. In many hybrid plants it is often observed that the division of unpaired, univalent chro-

mosomes, some or all, is equational in either 'one of the two divisions, heterotype or homotype, 

the distribution is merely random. This fact has been observed, by Clausen (1926-27) in viola 

hyperchromatics, by Sax (1931) in Rho~o discolor 

Brieger and Darlington regard this type of division as one of the probable processes of 

polyploid formation. This type of chromosome doubling not actually been observed in 

Potamogeton. 
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6. Several plants are known have cells carrying the di-diploid number of chromosomes in 

somatic tissues 

This case has been observed by several authors in several plants, such as De Litardiere (1923, 

1924) in Spinacia and Cannabis, Chimpu (1929) in Acacia, Lesley (1925), Lindstrom and Koos 

(1931) in the tomato, Clausen (1930) in Viola and some others 

Experimentally .Jdrgensen (1928) and Lindstrom and Koos (1931) have obtaine,d diploid and 

tetraploid plants from the haploid and diploid ones respectively by the method of decapitation 

of young sprouts. J6rgensen says : "The lrLaJOnty of polyplcnd forms In my opmron owe therr 

origin to the doubling process ("endo-duplication") in the somatic tissue. Considering the 

widespread occurrence of binucleate cells in the soma and continuous somatic development of 

most plants, it is only natural that endo-duplication must be an important factor in hte formation 

of polyploid plants" 

This phenomenon was not observed in Potamogeton 

7. In some plants there are sometimes found P. M. Cs. containin*' two nuclei instead of 

one, a fact which may be regarded as another peocess of chromosome doubling in gametes 

As pointed out by Karpechenko (1924, 1927, 1928), a premeiotic nuclear division must have taken 

place without bein*" accompanied by cell division, resulting in the formation of binucleate 

pollen mother cells. If these nuclei fuse together during the process of meiotic division, giant 

diploid pollen grains will be produced. This fact has been observed by Gates and Rees 

(1921) in L,actuca, by Inariyama (1929) in lris, by Randolph and Mcclintock (1926) in Zea and 

by lchijima (1926, 1930) in Fragaria. This case is not found in Potamogeton 

Smmnary 

1. The plants which were used as materials in the present investigation are 26 species and 6 

formae of Potamogeton 

2. The chromosomes numbers determined by the author are as folloes : Potamogeton orienta-

lis (2n=26), P. sibiricus (2n=28), P. zosterifolium (.2n=28). P. porsildiorum (2n=28), P. cristatus 

(2n=28), P. miduhikimo (2n=28), P. Iimosel]ifolius (2n=28), P. asiaticus (2n=28), P. Fauriei 

(2n =27) , P. Kamogawaensis (2n=27) , P. numasakianus (2n=28) , P. Friyeri (2n =42) , P. subses-

siliofolius (2n =42) , P. torquatus (2n=42) , P, miyakezimaensis (2n =52) , P. subfluitans (2n =52) , 

P. teganumensis (2n =52) . P. Ieptocephalus (2n =52) , P. anguillanus (2n=52) , P. Tepperi (2n = 

52) , P. Francheii (2n=52) , P. Iongipetiolatus (2n=52) , P. alatus (2n=52), P. polygonifolius (2n 

=52), P. malainoides (2n=52), P. grameans (2n=52), P. morongii (2n=52), P. Tenuifolius (2n 

=52) , P, filiformis (2n=78) , P. vaginatus (2n=78) , P. f]abellatus (2n=78) 

In the foliowing 17 species the reports of other investigations are confirmed by the author: P 

oxyphyllus (2n=26), P. panormitanus (2n=26), P. pusillus (2n=26). P. monoginus (2n=28), P 

vaseyi (2n=28), P. apertus (2n=42) , P. malianus (2n=52), P. dentatus (2n=52) , P. nipponicus 

(2n=52) , P. perfoliatus (2n=52) , P. crispus (2n=52) , P. praelongus (2n=52) , P. M..aackianus (2 

n=52) , P. biwaensis (2n=52). P. distinctus (2n=52), P. natans (2n=52), and P. pectinatus (2n 

= 78) . 

The karyotypes and meiosis in all these species were observed. Moreover, some interspeciecific 
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hybrids were cytologically studied. 

3. , From the view point of phylogeny and cytology, the species of this genus studied can be 

classified into two groups : (a) the 7 chromosomic group, (b) the 13 chromosomic group 

The following species being to the 7 chromosomic group: P. monoginus. P. crispus, P. vaseyi 

and P. numasakianus are tetraploid (2n=28) , while P. apertus and P. Friyeri are- hexaploid (2n 

= 42) . 

The following species belong to the 13 chromosomic group : P. oxyphyllus, P. panormitanus, 

P. pusillus and P. orientalis are 2n=26. while P. fluitanus, P. rnalaianus, P. dentatus, P. nippon-

icus, P. perfoliatus, P. crispus, P. praelongus, P. Maackianus, P. biwaensis. P. alpinus, P. anguil-

lanus, P. distinctus and P. natans have 2n=52 chromosomes 

4. The following species are interspecific hybrids : P Fauriei. P. orientalis P. numasakianus, 

P. biwaensis, P. malainoides, P. anguillanus, and P. nipponicus. In these interspecific hybrids, 

the irregularities in the meiosis, such as the occurrence of univalents, Iagging of some univalents 

in the anaphase, and formation of restitution nuclei and dwarf nuclei, ets. are found to a greater 

or less extent 
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